Objective: To determine the prevalence and pattern of diabetic retinopathy in newly diagnosed black African patients with type 2 diabetes mellitus and the associated risk factors. Design: Cross-sectional hospital-based study. Setting: Eye clinic of Kenyatta National Hospital, Nairobi, Kenya. Subjects: Africans aged 20 years and above with newly diagnosed type 2 diabetes mellitus of up to 12 months duration. Results: One hundred and forty one eyes of 71 patients were included in this study, while slides of 92 eyes of 65 patients were of good enough quality for evaluation. The mean duration of diabetes was 11.7 weeks (SD 16.6) and 11.3 (SD 10.1) in men and women respectively. Overall, the prevalence of diabetic retinopathy and clinically significant macula oedema was 30.4% and 8.7% respectively. There was a positive association between diabetic retinopathy and systolic blood pressure.
INTRODUCTION
About 285 million people are affected by diabetes mellitus (DM) worldwide, including 519,100 in Kenya alone (1) .
Diabetic retinopathy (DR), one of the major complications of DM and the most important ocular complication, is a serious public health problem worldwide. In the United States and the United Kingdom, epidemiological data suggest that the leading cause of blindness in working age adults is DR (2, 3) . After 20 years, virtually all type 1 and more than 60% of all type 2 diabetics have some retinopathy (2) . In developing countries especially in Africa, though, there is a paucity of information on the contribution to visual loss by diabetic retinopathy (4) .
Previous hospital-based cross sectional studies carried out in Kenya had put the prevalence of DR among diabetics at 18.3% and 49.9% in a rural and an urban setting respectively. A significant number of these patients presented with advanced stages of retinopathy (5, 6) .
The prevalence of diabetic retinopathy in newly diagnosed Africans with type 2 diabetes and its progression are not well documented. The United Kingdom Prospective Diabetes Study (UKPDS), by far the largest study on the prevalence of retinopathy in newly diagnosed diabetics, showed that diabetic retinopathy was present in 39% of men and 35% of women (7) in this group of patients. This is much higher than data from other studies on diabetics of European (8, 9) , Indian (10) African (11, 12) and Taiwanese (13) origin. In these studies, the prevalence of diabetic retinopathy in newly diagnosed patients with type 2 diabetes was 30%, 10.2%,6.7%,16%,24.8% and 28.3% respectively.
The aim of this study was to provide baseline data on the prevalence and pattern of diabetic retinopathy in newly diagnosed Black Africans with type 2 diabetes in Kenya using fundus photographic colour slides.
Colour fundus photographs were used in this study because they have been shown to be either superior (7, 14, 15) or comparable (16) (17) (18) (19) to an ophthalmological assessment in screening for diabetic retinopathy. Most published studies, including all those carried out in the East African region have used ophthalmoscopy with or without slit lamp biomicroscopy to diagnose diabetic retinopathy. It is however recognised that even in the hands of a skilled examiner 1 to 3 microaneurysms can easily be missed on ophthalmoscopy (7) and at least one microaneurysm is needed for the diagnosis of diabetic retinopathy (14) . (20) , while diabetic retinopathy was defined according to the modified Airlie House ETDRS classification (21) .
MATERIALS AND METHODS

This
Subjects visiting the medical diabetes clinics were recruited after they had consulted the physician in the diabetes clinic and written informed consent for participation in the study had been obtained.
Information on patient characteristics (age, sex, height, weight), medical history (hypertension, duration of diabetes as well as management) and biochemical investigations (random blood sugar and HBA 1 C) was obtained. Two blood pressure measurements were taken with a mercury sphygmomanometer at 5 minutes intervals after the patient had rested on a chair for 30 minutes and the arithmetic mean calculated. Presenting visual acuity was taken using a Snellen or an illiterate E chart. A complete examination of the anterior segments using the slit lamp biomicroscope (Haag Streit 900) then followed.
Both eyes were dilated with 1% tropicamide instilled at 5 minute intervals until both eyes were well dilated for fundus examination and photography. Indirect ophthalmoscopy was done with a binocular indirect ophthalmoscope and a 200 loupe, and slit lamp biomicroscopy with a 900 loupe.
Fundus photographs were done in all eyes recruited for the study using a Canon CF-60U fundus camera as follows: 2 stereoscopic maculaoptic disc 30 degrees and two stereoscopic maculacentred 60 degrees colour fundus photographs of each eye were made. Fluorescein angiography (FLA) was done in case of diabetic retinopathy with clinically significant macula edema (CSME) proliferative diabetic retinopathy or to evaluate unexplained visual loss. ASA 100 Kodak colour slide films were used for fundus photography, while ASA 400 Kodak black and white films were used for fluorescein angiography.
Stereoscopic examination of stereo pairs of slides was done using monocular illuminated slide viewers (UNOMAT D-100 B), for individual viewing (22) , and a slide projector for group viewing by all three investigators.
All lesions observed in the photographs (microaneurysms, retinal haemorrhages, hard exudates, cotton wool spots, IRMAs, venous beading, neovascularisations etc.) were graded and used to classify retinopathy using the standard ETDRS photographs and criteria.
All photographs were taken by the principal investigator, while diagnoses and classification of retinopathy required agreement by all three investigators.
Data capture was done using Staview® statistical package and analysis using Intercooled Stata version 9.0. Student t-test and Pearson's chi-square were used to test associations as appropriate.
RESULTS
One hundred and forty one eyes of 71 patients were included in this study. However, only slides of 92 eyes of 65 patients were of good enough quality for evaluation. The reasons for poor slide quality were: accidental opening of the fundus camera by eye clinic colleagues, media opacities or poor processing of slides in the laboratory. Fluorescein angiography was done in two patients. In the first case, it was to confirm whether the patient had severe NPDR or mild PDR. In the second, it was used to confirm the presence of CSME.
In all, 42% of our study subjects were male. Table 1 summarises the characteristics of study subjects. The prevalence of diabetic retinopathy in men and women was 33% and 28% respectively (P = 0.15), while the overall prevalence was 30.4%. Diabetic retinopathy was unilateral in three patients (6.5%) and bilateral in 11 (23.9%). Table 2 below shows the retinopathy status of examined eyes.
Four out of 46 patients (8.7%) had clinically significant macula edema (CSME). The mean duration of diabetic retinopathy in patients with CSME was 27 weeks (SD 10.5), while it was 8.8 weeks in those without CSME (SD 9.4). This suggests a very strong association between duration of diabetes and CSME (P = 0.02). 
Figure 1 Mild non proliferative diabetic retinopathy
Case summary: 45 year old female with known diabetes of two weeks duration. Note the microaneurysm ½ disk diameter supero-nasal to the fovea and just above the kink in the supero-temporal branch of the retinal artery.
Figure 2 High risk proliferative diabetic retinopathy
Case summary: 52 year old male with bilateral proliferative diabetic retinopathy. Note neovasuclarisation at the disc and elsewhere, fibro-vascular tractional bands and vitreous haemorrhage (7, 14, 15) or comparable (16) (17) (18) (19) to an ophthalmological assessment in screening for diabetic retinopathy. Most studies, including all those carried out in the East African region have used ophthalmoscopy with or without slit lamp biomicroscopy to diagnose diabetic retinopathy. It is however recognised that even in the hands of a skilled examiner 1 to 3 microaneurysms can easily be missed on ophthalmoscopy (7) and at least one microaneurysm is needed for the diagnosis of diabetic retinopathy (14) . Besides, the presence of microaneurysms as well as their absolute count alone are good predictors of the progression and severity of diabetic retinopathy respectively (23) (24) (25) . Hence, studies in which diabetic retinopathy is diagnosed by ophthalmoscopy alone are likely to underestimate the true prevalence.
For the first time in the East African region, this study graded diabetic retinopathy using non simultaneous stereoscopic fundus photographs. ETDRS standard photographs and guidelines were used for standardisation and reproducibility of results (21) .
One hundred and forty one eyes of 71 patients were examined in this study. However, only slides for 92 eyes of 46 patients existed in stereo pairs and fulfilled the quality requirements for inclusion in the study.
Of the newly diagnosed type 2 diabetic patients whose fundus photographs were analysed, 30.4% were found to have diabetic retinopathy of one form or the other. Of these, more than 4% had proliferative diabetic retinopathy in at least one eye. This compares slightly favourably with the United Kingdom Prospective Diabetes Study (UKPDS), in which fundus photographic assessment of both eyes of newly diagnosed patients with type 2 diabetics revealed a prevalence of diabetic retinopathy of 39% in the male population and 35% of the female population (7) .
The prevalence of retinopathy in newly diagnosed type 2 diabetics was 6.7% in India (10), 10.2% in the Beaver Dam Eye Study (9) , 28.3% in Taiwan (13), 30% in Sweden (8), 16% in Egypt (11) and 24.8% in Guinea (12) . It is difficult to compare the above studies because the definition of "newly diagnosed type 2 diabetic" is not standardised and different methods were used in detecting retinopathy (indirect ophthalmoscopy with or without slit lamp biomicroscopy on the one hand and stereoscopic fundus photographs on the other hand).
There was a strong positive association (p = 0.03) between diabetic retinopathy and systolic blood pressure in keeping with a previous study carried out in rural Kenya (6) . However, we did not find any association between diastolic blood pressure and the presence of diabetic retinopathy (p = 0.09).
Hypertension is recognised as a risk factor for the development and progression of diabetic retinopathy (26, 13) , and 20.6% of our newly diagnosed patients with type 2 diabetes mellitus were equally being treated for hypertension. In blacks, the risk for retinopathy has been noted to increase with systolic blood pressure (26) . This underscores the importance of having blood pressures measured regularly and accurately in all new diabetic patients and ensuring adequate control of pressures if the early onset or quick progression of retinopathy is to be averted.
The mean duration of diabetes was 11.5 weeks and no association was found between duration of diabetes and retinopathy. It is believed that undiagnosed type 2 diabetes mellitus may occur 4 -12 years before its clinical diagnosis and that diabetes may be present for five years before the onset of retinopathy (10, 27) . Undiagnosed type 2 is thus not a benign condition. The unknown duration (years) of undiagnosed diabetes in our patients is likely to be a more important contributory factor to retinopathy than the known (weeks) duration of diagnosis. This is further supported by the fact that patients with diabetic retinopathy were older than those without (P = 0.048).
The normal range for HbA 1 C in our laboratory was 4.8 -7.8%. The mean value was 8.3% for all patients and 60.6% of all patients had HbA 1 C greater than 7.8%. There was a slight tendency towards normalisation of HbA 1 C with duration of diabetes, which was not statistically significant.
Poor glycaemic control is known to be the main risk factor for diabetic retinopathy. Sixty point six per cent of our patients with newly diagnosed type 2 diabetes mellitus have an increased risk of developing diabetic retinopathy if their HbA 1 C is anything to go by. This includes those with diabetic retinopathy on diagnosis and could explain the 49.8% prevalence of diabetic retinopathy found among all diabetics attending our clinic in a previous study (5) . CSME was present in at least one eye of 8.2% of our patients. There was no association between CSME and hypertension or HbA 1 C. However, there was a strong association between CSME and duration of diabetes. This association was statistically significant.
The prevalence of diabetic retinopathy in newly diagnosed diabetics in this study was 30.4%, with 8.2% having vision-threatening retinopathy. In our study, 60.6% of the patients are at increased risk of developing retinopathy because of possible longstanding undiagnosed diabetes mellitus. This underscores the need for intensified efforts for early diagnosis of type 2 diabetes mellitus and careful fundus biomicroscopic examination of all newly diagnosed type 2 diabetics in our set-up.
